We developed a constant-flow perfusion system to measure vascular responses to vasoactive agents applied intraluminally or extraluminally. The intraluminal and extraluminal sides of a cylindrical section of rabbit basilar artery were isolated completely. By loading with 0.75 g of tension, the resting condition of each preparation was made constant The intraluminal side was perfused at a constant flow of 8 ml/min and under an intraluminal pressure of 8 mm Hg. When 30 mM KC1 was administered intraluminally the preparation showed marked contraction, whereas only slight contraction was observed with extraluminal administration. When 2xlO~7 M 5-hydroxytryptamine was administered, no significant differences in contraction could be detected between the intraluminal and extraluminal routes. Application of 10"' to 10~4 M acerylcholine after precontraction with 30 mM KCI resulted in much stronger dilatation upon intraluminal application. Thus, it was demonstrated that under certain conditions significant differences exist in the responses of rabbit basilar arteries to vasoactive agents applied intraluminally or extraluminally. This system can detect the effects of vasoactive agents administered intraluminally and extraluminally at a high level of sensitivity and shows good reprodudbility as a means of analyzing vascular functions and characteristics. (Stroke 1991^2^84-389) T he control of vascular tone has been studied mainly by the isometric tension recording method using a helical strip or ring preparation of a vessel. Since Furchgott and Zawadzki 1 reported that endothelium-derived relaxing factor mediated the relaxation of rabbit aorta induced by acerylcholine (ACh), greater attention has been paid to the various functions of the endothelium. Furthermore, it has been pointed out that it is necessary to determine whether vasoactive agents act from the inside or the outside of the vascular wall. Various methods have been reported to apply these agents from the intraluminal and extraluminal sides separately and to measure the contractile force of vessels.
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However, with traditional perfusion systems, it is difficult to prevent the leakage of agents from the inside of the vessel. 25 Also, in the methods of measuring isometric tension changes the resting conditions of each preparation are prescribed by tension loading, but perfusion systems have no such strict conditions. Accordingly, using a cylindrical section of rabbit basilar artery, we developed a new constantflow perfusion system with complete isolation of the intraluminal and extraluminal sides. The preparation is loaded with a specific tension, and the responses to agents are recorded as changes in perfusion pressure. Using this system, we applied several agents intraluminally or extraluminally and compared responses.
Materials and Methods
Sixteen adult male rabbits weighing 2.5-3.5 kg were anesthetized with 50 mg/kg i.v. pentobarbital sodium and exsanguinated, and the basilar artery was excised en bloc with the brain stem. After being placed in a nutrient solution at 4°C, the basilar artery was dissected out over its whole length. Its many branches and perforators were cauterized with a bipolar coagulator under an operating microscope. Then, the artery was mounted on paired connectors (outside diameter 0.75 mm, inside diameter 0.5 mm) attached to mounting accessories, ligated, and fixed ( Figure 1 ). The distance between the connectors was set at 11 mm.
A 20-ml organ bath was filled with 12 ml extraluminal incubating solution and connected to a 67-ml open bath via an 8-ml silicone tube. The intraluminal perfusate (75 ml) was driven from the open bath by a roller pump (Miniplus 2, Gilson, Villers-le-Bel, France) at a constant flow rate and, after intraluminal perfusion, was recycled to the open bath ( Figure  2 ). The nutrient solution in both chambers was maintained at 37.0±0.5°C and aerated with 95% O 2 +5% CO 2 . Changes in the tone of the artery were detected as changes in the perfusion pressure by a differential pressure gauge connected to the upstream and downstream ends of the preparation and then recorded on an oscillograph (SS.250F, Sekonic, Tokyo, Japan). Experiments were performed in a specific sequence. When the distal connector fixed to the mounting tool was released, the preparation was stretched by the weight and a set tension was applied to it (see below). The amount of stretching of the preparation was then recorded on the oscillograph, and after 15 minutes' equilibration the distal connector was fixed and sealed with a sealing pipe. After isolating the intraluminal and extraluminal sides of the preparation, the intraluminal side was perfused at a constant flow (see below), followed by an additional 15 minutes' equilibration period. A drug was administered to either the intraluminal or extraluminal side using a microinjector. Drugs administered in the open bath reached the final concentration before the preparation showed its maximum response. Leakage of perfusate from the preparation was indicated by a change in the fluid level of the organ bath.
The millimolar composition of the intraluminal and extraluminal nutrient solution was as follows: Na + 162.1, K + 5.4, Ca 2+ 2.2, Mg 2+ 1.0, CT 159.0, HCO 3 -14.9, and dextrose 5.6; pH was 7.2-7.3. The agents hydroxytryptamine (5-HT), ACh (both from Sigma Chemical Co., St. Louis, Mo.), papaverine hydrochloride (Dainippon Pharmaceutical Co., Osaka, Japan), and KCl were dissolved in distilled water. Drug amounts were determined as the final concentration in the incubating solution and perfusate.
To study the optimal tension and flow rate for rabbit basilar artery, the preparation was perfused with a constant flow (2-14 ml/min) and tension was increased in 0.25-g increments. Then 30 mM KCl was administered intraluminally, extraluminally, or simultaneously on both sides of the preparation and the state of the preparation was observed with the unaided eye.
We compared the minimum effective threshold dose of KCl to elicit a response to an isometric tension recording method of ring preparation and perfusion system. The reproducibility and stability of the responses were studied by repeatedly administering 30 mM KCl on both sides simultaneously.
The vasoactive agents were administered under a tension of 0.75 g, an intraluminal pressure of 8 mm Hg, and a flow rate of 8 ml/min. Contractions were indicated by the maximum changes in perfusion pressure during phasic contraction. For the relaxation studies, after submaximal tone was induced with the administration of 30 mM KCl to both sides simultaneously, ACh was administered intraluminally or extraluminally. Relaxation was determined relative to the maximum relaxation induced by the administration of 10"" M papaverine hydrochloride on both sides of the preparation. The changes in pressure caused by the agents were expressed as mean ± standard error of mean. For statistical comparison, Student's t test for paired data was used, with the significance level at p=0.05.
Results
When the tension was increased from 0.25 g to 0.75 g, the preparation was stretched linearly with a load of 0.75 g at a rate of 2 ml/min. Then, when 30 mM KCl was administered on both sides, a uniform constriction was observed. When loaded with >1.0 g and administered 30 mM KCl, the preparation developed intrinsic tone 6 with strong local constrictions. Furthermore, when 30 mM KCl was administered with a load of 0.75 g and the flow rate was increased to 8 rrd/min, a corresponding pressure change was obtained. With a flow rate of >10 ml/min, intrinsic tone was developed in some instances. From these results, and for the purposes of the present experiment, optimal tension was determined to be 0.75 g and optimal flow rate 8 ml/min. In this experiment intraluminal pressure was set at 8 mm Hg, and when the preparation was perfused a pressure gradient of 12.1±0.5 mm Hg (/z=10) was recorded and designated to be the baseline pressure differential.
In this perfusion system, the threshold dose of KCl was 15 mM by intraluminal administration. With the isometric tension recording method, the threshold was approximately 20 mM, making the two thresholds nearly equal. Furthermore, following repeated administration of KCl every 30 minutes, the preparation showed nearly the same pressure changes for 5 hours, and the baseline pressure differential during this time varied by s0.5 mm Hg (Figure 3) .
Contraction of 21.1 ±4.7 mm Hg was obtained by intraluminal administration of 30 mM KCl and of 0.4±0.1 mm Hg by extraluminal administration (Figure 4A) . A significant difference (/><0.01) was noted between these two routes of administration ( Figure  4B ). With intraluminal administration of KCl, a persistent tonic contraction was noted after a transient phasic contraction. On the other hand, extraluminal administration of KCl caused only a rapid transient contraction, and no tonic contraction was noted.
When 2xlO" 7 M 5-HT was applied in a similar manner ( Figure 5A ), contraction of 8.3 ±2.3 mm Hg was seen with intraluminal application and of 6.2 ±1.4 mmHg with extraluminal application (Figure 5B) . Unlike KCl, no significant difference was noted between intraluminal and extraluminal applications.
When the flow rate was decreased from 8 ml/min to 4 or 2 ml/min and 30 mM KCl was applied in a similar manner, extraluminal application caused the same level of phasic contraction as before, but it was not followed by a tonic contraction as in the case of intraluminal application ( Figure 6 ).
By both routes of application, ACh relaxed the preparation precontracted with KCl in a dosedependent manner from 10" 6 M ( Figure 7A ). Relaxations of 37.8±4.7% (10" 6 M), 60.0±6.6% (10" 
Discussion
There have been several reports recently of various perfusion systems 2 " 5 to study vascular pharmacology. However, there are few experimental systems that satisfy all of the following conditions: 1) equalization of the resting conditions for each preparation, 2) complete isolation of the intraluminal and extraluminal sides, and 3) reproducibility of the method. Our newly developed perfusion system satisfies these conditions. Although Hongo et al, 2 Vinall and Simeone 3 and Lusamvuku et al 4 regulated the resting conditions by stretching cylindrical preparations longitudinally to an approximate in situ length, it is difficult to measure exactly the length of an artery before excision.
Medgett and Langer 5 loaded a cylindrical preparation with a tension to regulate resting conditions, but because the distal side of the preparation was open to an organ bath, there remained the possibility that drugs could act from the extraluminal surface of the artery in this system. Hongo et al 2 artery with a 10-0 suture thread, but these authors admitted that it is difficult to completely prevent leakage from the perforators by their method, especially when the flow rate is increased. When recording vascular response as changes in perfusion pressure, the responses should occur evenly over the entire length of the vessel. Lusamvuku et al 4 developed a perfusion system by inserting a tube provided with small holes into a cylindrical preparation and perfusing a nutrient solution be- tween the tube and the intimal surface of the artery.
With that system, however, the pressure of the perfusion system may be applied mainly to the vascular wall adjacent to the perfusion holes, making it difficult to record changes of the whole preparation accurately. Vinall and Simeone 3 measured changes in the outside diameter of a cylindrical preparation by using a photoelectric device developed by Schabert et al. 7 However, in the rabbit basilar artery perforators are densely present, and it is difficult to record the outside diameter accurately. In addition, if the flow rate of the roller pump is increased, the error of measurement may also increase in that system.
In our perfusion system, the basilar artery is loaded with a tension and the resting conditions are made constant. Further, the intraluminal and extraluminal sides are completely isolated and leakage can be prevented even with a flow rate of 8 ml/min, which is much higher than those in other experimental systems (0.1-4.1 ml/min).
2 -4 -7 Our system also has sufficient sensitivity to determine the vascular responses to vasoactive agents and can reproduce responses reliably.
In the perfusion system of Hongo et al, 2 who also used the rabbit basilar artery, intraluminal and extraluminal applications of 20-100 mM KQ caused no significant differences in contraction. In that system, no intraluminal pressure was established, but the flow rate was regulated at 1.5-2.5 ml/min to maintain the perfusion pressure at approximately 20 mm Hg. Using the bovine middle cerebral artery, Vinall and Simeone 3 found that 10" 8 to 10" 6 M 5-HT caused a greater contraction by intraluminal administration. In their experiment, the intraluminal pressure was established at 75 mmHg and the flow rate at 4.1 ml/min.
In our system, the flow rate was established at 8 ml/min, the intraluminal pressure at 8 mm Hg, and the resting tension at 0.75 g, and we obtained results markedly different from those of Hongo et al 2 and Vinall and Simeone. 3 By simply changing the flow rate, a change was seen in the reactivity to KCl applied extraluminally in our system. Vinall and Simeone 8 suggested that an increase in intraluminal pressure limits depolarization (i.e., the contraction caused by KCl and 5-HT) so that when analyzing vascular reactivity using a perfusion system, it is absolutely necessary to consider the flow rate, intraluminal pressure, and other physiological factors that contribute to vascular response.
Our results suggest that ACh administered intraluminally reaches the endothelial cells adequately, even at low concentrations, to induce the maximum relaxation at 10~5 M, while when ACh was administered extraluminally, further relaxation was seen at 10~4 M, probably due to the barrier effect of the smooth muscle.
Further studies should help us to understand why KCl and ACh cause greater responses by intraluminal administration while 5-HT yields a similar response by either route.
